
 

 

 

 

 

 

 

 

 

 

HYDRAULICS 

Methodological instructions for the implementation of practical tasks, 

independent work and individual tasks in the disciplines «Hydraulics» 

for foreign applicants of the specialty 131 – Applied Mechanics of the 

first (bachelor's) level of education of full-time education 

 



 
 



 

 

 
 

 

 



 
 



 
 



 

 

 
 

 

 

 



 

 
 

 

 

 

 



 
 

 
 

 



 
 
The term “droplet liquid” “fluid” is a low-compressible medium, and the term "compressible 
liquid" is a gas. Consequently, a liquid is understood as any medium with the property of fluidity. 
Fluid has a certain volume, which practically does not change under the influence of forces. 
Gases, occupying a certain space, can significantly change the volume, contracting and expanding 
under the influence of forces. 
This means that fluid easily change shape, in contrast to solids, but they hardly change the volume, 
and gases easily change both shape and volume. 
 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 
 

 

 
 

 
 

 

 

 

 

 

 



 
 



 
 



 

List of Pressure Measuring Devices 
 



 
 

Mercury is ideally suited for use in a barometer due to its high density (needing therefore only a short 

tube) and its very low vapour pressure. 

 

The altitude of a place and weather conditions influence the reading of the barometer. A reading of a 

barometer recorded at a spot indicates only the local atmospheric pressure. 

 

The International standard atmospheric pressure is 101.325 kPa corresponding to 10.325 m of water or 

760 mm of mercury. 

 

The Siphon Barometer 
This instrument is conveniently used as a household barometer. This device consists of a 

glass tube bent at the lower part to form a U-tube. The open end of the U-tube is enlarged. This 
enlarged part takes the place of the bowl or reservoir of the ordinary barometer. An iron block of 
small weight is supported on the mercury surface partly by up thrust of mercury on it and partly by 
a counterweight. 
 

The iron block and the counterweight are connected by a string taken over a pulley. Variation 
of atmospheric pressure brings about rise and fall of the mercury surface in the open end of the U-
tube which in turn causes the pulley to rotate by some angle. A pointer attached to the pulley will 
move over a circular scale from which the atmospheric pressure may be read. 



 
 

Piezometer or Pressure Tube 
 

The piezometer is used to measure the static pressure head of a liquid flowing at any section 
of a pipe. It consists of a tube whose open lower end is mounted flush with the inside wall of the 
pipe. The other end of the tube is exposed to the atmosphere. In the arrangement shown in Fig. the 
height h to which the liquid rises in the tube represents the pressure head at the level A where the 
tube is connected to the pipe. 
 

 
 

The piezometer has limitations for its use due to the following reasons: 

(I) It is very difficult or impracticable to measure high pressures. Particularly for liquids of low specific 

gravity, the height of the liquid column in the piezometer will be inconveniently high requiring a very 

long piezometer tube. 

(II) The piezometer cannot work for negative gauge pressure since air would flow into the container 

through the tube. 

 

 



The piezometer tube may take the form shown in Fig. for measurement of small negative gauge 

pressures. In this arrangement, the free surface of the liquid in the tube will be at a level lower than 

the level A inside the container where the pressure is to be gauged. If the free liquid surface in the 

tube is h units below A, then the pressure head at A 

 

(III) Rapid changes of pressure which may take place continuously cannot be effectively measured. 

This is because change in the piezometer level will lag behind corresponding rapid change of 

pressure. 
 

Manometers: 
Manometers are pressure gauging devices using columns of different liquids. The fluid whose 

pressure is to be determined is called the metered fluid while the other fluid is called the manometer 
fluid. The manometer fluid may be of higher density or lower density than that of the metered fluid. 
These devices can be used to gauge pressures of liquids as well as gases. Manometers have 
connecting U-shaped tubes containing different fluids. 

In a manometer when one limb of the device is open to the atmosphere it records the 
pressure of the source connected to the other limb. When both the limbs are connected to pressure 
sources, the manometer records the difference of pressure between the two pressure sources. 
Accordingly, these manometers are called simple manometer and differential manometer. 
 

 



 

 
Sensitive Manometers 
 

The single column manometer shown in Fig. is a modified form of the ordinary U-tube 
manometer. This manometer also has two limbs, one of which is made very large in area compared 
with the other. The area of the larger limb (also called the basin) may be made 100 times the area 
of the other limb. The manometer contains a heavy liquid like mercury. The pipe in which the 
pressure is to be determined is connected to the larger limb. 

 
Any pressure change in the pipe may only produce a very small change in level of the 

manometer liquid surface in the basin. This change in level may be neglected. Hence the reading in 
the narrow tube only is to be taken. Since there is no need to take any reading corresponding to the 
liquid surface in the basin, it need not be made transparent. Usually it is made of iron. The other 
limb i.e., the narrow tube may be vertical or inclined, to make it more sensitive. 

 



The Inclined Tube Manometer 
 
This is an improvement over the single column manometer. In this case the manometer tube is 
made inclined in order to make it more sensitive. Fig. shows this type of manometer. In this case 
the displacement of the heavy liquid in the narrow tube is relatively greater and hence readings can 
be taken more accurately. 

 
 

The Bourdon Gauge 
 

This device consists of a metallic tube of elliptical section closed at one end A, the other end 
B being fitted to the gauge point where the pressure is to be measured. As the fluid enters the tube, 
the tube tends to straighten. 

By using a pinion-sector arrangement the small elastic deformation of the tube is 
communicated to a pointer in an amplified manner. The pointer moves over a graduated dial. The 
device is calibrated by subjecting it to various known pressures. 

The Bourdon gauge is suitable for measuring not only high pressures such as those in a steam 
boiler or a water main but also negative or vacuum pressures. A gauge which is so devised to 
measure positive as well as negative pressures is called a compound gauge. 

 
The Diaphragm Pressure Gauge 
 

This device is based on the same principle as that of the Bourdon gauge. In this case a 
corrugated diaphragm is provided instead of the Bourdon tube. When the device is fitted to any 
gauge point, the diaphragm will undergo an elastic deformation. 

 
This device is found suitable for measuring relatively low pressures. 



What a siphon is and how it works in practice. 
If, for example, you want to empty a pool by a garden hose, you only have to place one end 

of the hose over the edge into the pool and the other end outside. The outside end of the hose only 
has to be lower than the water level. 

 
As long as the lower end is always held lower than the water level, the water is also carried over 
larger heights, such as over the edge of the pool (to the maximum height to be overcome later 
more). Such an arrangement is also called a siphon or siphon spillway. 

A flexible tube is mounted on the screw cap of the bottle. If the bottle is now turned upside 
down, the water will begin to flow out through the tube. The outflow of the water leads to an 
increase in the volume of air inside the bottle. Since no air can inflow through the relatively small 
hose, a negative pressure is created inside the bottle. 

 
The resulting negative pressure in the bottle can then be used to suck water from another vessel. 

With an atmospheric air pressure of 1 bar, this ambient pressure can thus push a maximum 
water column of 10 meters upwards. The ambient pressure is therefore not sufficient for higher 
heights. 

 

 



Hydraulic jack 
 

 

 

 



 

 
 
 



 



 



 
 

 

 



 
 

 

 

 

 

 

 

 



 
 



 

 
 

 



 
 

Buoyancy is the force directed against gravity that an object experiences when submerged in a fluid 

(liquid or gas). 

Everyone may have tried to lift another person and found that this requires a lot of strength. 

However, if you try to lift this person in water, it is much easier. The reason for this is due to the so-

called buoyancy, which an object experiences as soon as it is submerged in a liquid. This buoyant 

force is also responsible for the fact that even steel ships weighing tons do not sink but float on the 

water. The cause of the buoyancy will be discussed in more detail in this part. 

 

 
 

 
 



 
The buoyancy: The Archimedes’ principle 

The scientist Archimedes experimented with the phenomenon buoyancy already 250 years B.C. He 

was able to show that the buoyant force by which a submerged body appears to become lighter 

corresponds to the weight of the displaced liquid. 

 

 
 

 



 
 

Derivation of the buoyant force 

The buoyancy is due to the different hydrostatic pressures at the top and bottom of a 

submerged body. 

 
 

 

 
Derivation of the buoyancy for partial immersion of the body in a liquid 

 
 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 



 
 

 

 



 
 



 
 



 
 



 



 
 



 
 

 

 

 

 



 



 
 



 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 
 

 



 

 

 



 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 



 

 

 

 
 



 
 

 
 



 
 

 

 
 



 
 



 
 



 
 

 



 
 

 



 
 



 
 



 

 
 



 
 



 

 


